The specimens upon which Lecidea petraea var. obscurata Ach., the basionym of Rhizocarpon obscuratum (Ach.) Massal., is based are shown to be mostly referable to the species currently known as R. lavatum (Fr.) Hazslin. Rhizocarpon reductum Th. Fr. is resurrected to accommodate specimens with small ascospores previously referred there. The related species R. sublavatum is described from the Scottish Highlands and descriptions provided for R. anaperum (Vain.) Vain. and R. amphibium (Fr.) Th. Fr. These species are compared with R. reductum, R. lavatum and R. petraeum. Rhizocarpon rubescens Th. Fr. is shown to be a distinct species recorded from Europe and N. America. 2000 The British Lichen Society
R. sublavatum Fryday sp. nov., with ascospore characters intermediate between R. reductum and R. lavatum , is recognized from the British Isles. Although this entity is mainly confined to high altitudes, it may have added to the confusion surrounding this complex.
A comprehensive revision of the R. obscuratum complex in Norden is currently underway in Scandinavia (P. G. Ihlen pers. comm.) and, consequently, this contribution is limited to a consideration of the taxa that occur in the British Isles.
Materials and Methods
Observations are based on material collected by the author from the British Isles and specimens held in BM, E, & MSC. Critical material was obtained on loan from H-ACH and UPS-ACH. All specimens collected by the author are held in his personal herbarium unless cited otherwise.
Microscopic descriptions are based on observations made of hand-cut sections mounted in water and 10% KOH. All ascospore measurements were made in 10% KOH and exclude the perispore. The dimensions are given as (smallest measured) arithmetic mean-standard deviation -arithmetic mean -arithmetic mean+standard deviation (largest measured). For each species at least 15 ascospores were measured from at least three different specimens and in the case of R. sublavatum, 35 ascospores were measured from five different specimens. Only ten ascospores from one apothecium were measured from the H-ACH specimen of Lecidea petraea var. obscurata.
Thin-layer chromatography (TLC) followed the methods of White & James (1985) .
Typification of Rhizocarpon obscuratum
The thallus of R. obscuratum is usually reported as lacking lichen substances (Foucard 1990; Purvis et al. 1992; Timdal & Holten-Hartwig 1988; Thomson 1967 Thomson , 1997 Wirth 1980) although Feuerer (1978 Feuerer ( , 1991 , Timdal & HoltenHartwig (1988) and Wirth (1995) mention that the thallus sometimes reacts K+yellow. Ascospore dimensions are usually reported as 20-32 9-15 m (Feuerer 1978; Purvis et al. 1992; Timdal & Holten-Hartwig 1988; Wirth 1995) . However, examination of a large number of specimens (c. 50) from the British Isles by TLC and spot-tests with K and PD revealed that all contained stictic acid (one also contained norstictic acid) and had submuriform ascospores <25 m long. Examination of herbarium material from Europe, N. America and the S. Hemisphere revealed a number of collections with longer (up to 30 m), eumuriform ascospores, although there was a continuum from these larger ascospores to those with more typical dimensions. Several specimens were discovered containing norstictic acid in addition to stictic acid but only one (from N. America) had ascospores <30 m long and lacked any lichen substances. In order to resolve this apparent discrepancy the specimen of Lecidea petraea var. obscurata in the Acharius herbarium of the Natural History Museum, London (BM-ACH) was inspected. This was found to have a thallus lacking lichen substances, apothecia with a thick raised excipulum and eumuriform ascospores measuring 32·5-36·0(-50·0) 12·0-15·0 m, clearly placing it in the species currently known as R. lavatum. In addition, a specimen in E labelled ' ''Switzerland, M. Schleicher''. Herb. Menzies' and apparently also part of the original collection ('Habitat in saxis montium Helvetiae. Schleicher', Acharius 1810) was found to have ascospores measuring 34-43 13-16 m and a tumid excipulum; that is, also referable to R. lavatum. Examination of the material in UPS-ACH revealed that, this too, was referable to the species currently called R. lavatum although, from the substratum, it appeared to be from a different collection to that in BM-ACH and E.
Sheet 212 in H-ACH is labelled 'Lecidea petraea var. obscurata Lich. Univ.' in pencil and consists of four specimens numbered 681, 416, 429 & 415, all on different substrata and apparently representing four separate collections. A further specimen (495) is now missing. Professor P. M. Jørgensen (pers. comm.) has suggested that this specimen is probably that now housed in UPS-ACH as 'that herbarium consists mainly of specimens removed from the original Acharius herbarium by Agrelius, with permission from his father-inlaw, Acharius'. Sheet 212 is annotated in ink 'var. obscurata' in the bottom left hand corner (i.e. below specimen 429), 'Lecidea lygaea' in the bottom right (i.e. below specimen 415) and 'Helvetica' in the bottom centre (i.e. immediately below the missing specimen). There are also illegible pencil annotations after 'Lecidea lygaea' in the bottom right and above 'Helvetica' in the centre. This later annotation would have been partly obscured by the missing specimen and appears to start with the letters 'Sch . . .' and is possibly 'Schleicher'.
One specimen (415) is referable to Lecidella stigmatea (Ach.) Hertel & Leuckert and two (681 & 429) are referable to the species currently known as R. lavatum, of which one (429) appears to be from the same collection as that in BM-ACH and the Schleicher material in E. The fourth specimen (416) has a thallus reacting K+yellow, PD+orange and ascospores measuring (19·3-) 19·38-22·28-25·18(-25·8) (8·0-)8·72-10·56-12·40(-14·5) m and with 8-11 cells visible in optical section. This specimen coincides with the concept of R. obscuratum from the British Isles detailed above.
The confusion between R. obscuratum and R. lavatum thus dates back to the original description of Lecidea petraea var. obscurata but it appears clear that Acharius's concept of this taxon coincides with what we now know as R. lavatum. As the thallus of R. lavatum lacks lichen substances this explains the widely held opinion that R. obscuratum does not contain stictic acid. If Acharius's original concept is accepted then adherence to the rules of nomenclature would demand that the name R. obscuratum should be applied to the species currently known as R. lavatum and that a new name would be required for the entity with small ascospores currently included in R. obscuratum. However, as the re-naming of R. lavatum as R. obscuratum would cause considerable confusion this course of action is to be avoided if possible.
Examination of the collections referred to R. obscuratum in BM, mostly from the British Isles and Northern Europe, revealed that until the early years of the twentieth century L. petraea var. obscurata was used for both the large-spored entity lacking lichen substances and the small-spored entity with stictic acid. However, some specimens of the latter were referred to L. petraea var. . obscuratum var. reductum (Th. Fr.) Eitner, e.g. Duncan (1970) ] until the last quarter of the century when the var. reductum was subsumed within R. obscuratum (e.g. Hawksworth et al. 1980) , thus returning to the situation that existed a century ago. Rhizocarpon reductum was recently recognized as a distinct species by Foucard (1990) , although he separated it from R. obscuratum on morphological characters. The problem of R. obscuratum was recognized by Imshaug, who referred his collections of the small-spored entity from the Falkland Islands to a new species (R. marginatum in sched.), and by Lamb who determined two collections from the Cape Breton Islands as R. plicatile. Although this species is usually considered to contain norstictic acid, Lamb had seen the isotype (BM) and knew that it did not (Fryday & Coppins 1996) . The current concept of R. obscuratum is a combination of the small-spored entity with a thallus containing stictic acid and specimens with larger ascospores and a thallus lacking stictic acid, which are referable to R. lavatum. Although it probably goes against Acharius's intentions, it would be possible to typify the name on specimen no. 416 in H-ACH, thus fixing the name on the small-spored entity. However, given the current understanding of the species and its wide misapplication in the past, any attempt to save the name is likely to add to the confusion surrounding its use. Also, H-ACH 416 is in poor condition with very few apothecia containing mature ascospores and would not make a good lectotype.
It seems that the wisest course of action will be to formally reject the basionym L. petraea var. obscurata Ach. thus preserving the current usage of R. lavatum. However, this will not be done until after the comprehensive revision of the group currently underway in Norway (see above) is complete. Although specimens referred to R. lavatum are united by their large, eumuriform ascospores and epihymenium containing both aeruginose and dilute purplebrown pigment, they are variable in thallus and apothecia morphology and it is possible that significant differences exist between Lecidea petraea var. obscurata and R. lavatum, which will result in their remaining as separate entities. For the same reason it is not appropriate to select a lectotype from among the specimens in BM-ACH, H-ACH and UPS-ACH at this stage.
The small-spored entity with a thallus containing stictic acid is, however, clearly distinct from the Acharius material of L. petraea var. obscurata (except for specimen 416) and, consequently R. reductum Th. Fr. is resurrected for it. Unfortunately, the lectotype selected by Feuerer (1991) 
Univ. Upsaliensis (L-75089) 133008] is atypical in having a thallus that does not contain stictic acid, reflecting the understanding of the species at that time. However, good typical specimens of R. reductum (as R. obscuratum) have been distributed in exsiccatae (e.g. Hertel Lecideacea Exsiccate: No. 39 -see below).
The Species
Rhizocarpon reductum Th. Fr. Lich. Scand. 2 
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THE LICHENOLOGIST Vol. 32 Thallus effuse or in discrete patches 1-2 cm diam., sometimes coalescing to cover larger areas, grey to brown, cracked-areolate, thin to moderately thick, very rarely almost subsquamulose; areoles 0·2-0·4 mm diam., slightly convex or flat; prothallus usually present, particularly at margin, sometimes dominant, especially in shaded situations. Photobiont chlorococcoid, cells 8-10(-12) m diam.
Apothecia black, lecideine innate to sessile, flat to slightly convex, becoming more strongly convex when over mature, (0·2-)0·4-0·6(-0·8) mm diam.; proper exciple usually well developed and slightly raised but often excluded in convex apothecia. Hymenium hyaline, I+blue, 120-140 m tall; epihymenium olivaceous (K+blue, N+red), rarely brown. Paraphysoids slender, c. 1·0 m thick, scarcely swelling at apex, without strongly delimited pigmented cap. Conidiomata not seen.
Chemistry. Usually C , K+yellow, PD+orange. Stictic acid detected by TLC. Rarely K , PD (no substances) or K+red, PD+orange (stictic and norstictic acids) Notes. Rhizocarpon reductum is a common, widespread species of siliceous rocks, occurring from near sea-level to the tops of the highest mountains in England and Wales (Fryday 1996a ), although very rare at high altitudes in Scotland. It usually occurs on exposed surfaces when the thallus is thick and forms a continuous crust, occasionally appearing almost subsquamulose. However, it also occurs as a number of ecotypes, which were described as infraspecific taxa (of Lecidea petraea) by Leighton (1879) . When growing on hard, fine-grained rock (especially pebbles) the thallus is usually small (<1 cm diam.) and often surrounded by a black, fimbriate prothallus (var. fimbriata); on shaded, usually vertical surfaces, it occurs as flat areoles, widely dispersed on a black prothallus (f. dispersa). It also occurs with a pale grey thallus (var. cinerea) that, with the often concentrically arranged apothecia, has led to confusion with R. petraeum. In all its forms R. reductum can be distinguished by the combination of stictic acid and small, submuriform (to muriform) ascospores (Fig. 1C) Rhizocarpon reductum appears to be a colonizing species, occurring early in the succession on newly exposed, siliceous rocks. Associated species include many other species known to be colonizing species of this substratum, for example Lecidea lithophila, Porpidia cinereoatra, P. crustulata, P. tuberculosa and Trapelia coarctata. Newly exposed siliceous rock is a highly stressed environment and Rodgers (1990) , using the triangular ordination method of Grime (1977) , found that R. reductum (as R. obscuratum) occurred closest to the stress-tolerant pole of any of the 34 species studied. One specimen of R. reductum (hb. Simkin) was collected from the flue of the smeltmill at a disused lead mine. The stone appears to be from the inside of the flue, now dismantled, located very close to the source of fumes in the smeltmill and before much of the contamination was extracted, so is likely to be heavily contaminated. When Feuerer (1991:131) chose a lectotype for R. reductum, he selected an atypical specimen lacking stictic acid, reflecting the traditional concept of the chemistry of R. obscuratum, of which he considered it a synonym. The occasional specimen containing norstictic acid (in addition to stictic acid) has usually been identified as R. plicatile but the type specimen of that species has been shown to be referable to Stereocaulon (Fryday & Coppins 1996 Thallus rimoso-areolatus, tenuis, medi-ad atrocinereus, 0·2-0·3(-0·4) mm diametro. Apothecia sessilia 0·3-0·5(-0·8) mm diametro, epihymenium olivaceo-caeruleum. Ascosporae eumuriformes, cellulis 11-41 in sectione opticali, 17·0-38·0 11·0-25·0 m. Thallus sine substantilis lichenalibus. Rhizocarpon anaperum thallo brunneo areolato pigmentisque apothecialibus internis non nisi brunneis cinereisque differt.
Typus: Caledonia, V.C. 97, Westerness, Ben Nevis, Coire Leis, 27/171712, 1050 m, on loose stones below crag, 5 September 1996, A. M 
. Fryday 7101 (E-holotypus; B, BM, UPS, M, MSC-isotypi).
Thallus effuse, usually in small patches 1-2 cm diam. but sometimes coalescing to cover larger areas, cracked-areolate, thin, mid-to dark grey occasionally brown-grey; areoles 0·2-0·3 (-0·4) Notes. Rhizocarpon sublavatum is, in many respects, intermediate between R. reductum and R. lavatum and has probably contributed to the confusion surrounding these species. Like R. lavatum, with which it often grows, it has eumuriform ascospores but they are both shorter (33·0-50·0 m long in R. lavatum) and have a lower length/breadth ratio (2·0-3·1 in R. lavatum) (Fig.  1A & D) . It also has smaller, more sessile apothecia. The thallus of R. lavatum is also more often rimose than areolate and browner than in R. sublavatum. It is also often the host to parasitic fungi (Endococcus species) but these have not been observed on R. sublavatum, even when the two species grow together. Rhizocarpon reductum has smaller, submuriform spores (Fig. 1C) , a thallus containing stictic acid (K+yellow, PD+orange) and is rarely encountered at the high altitudes at which R. sublavatum occurs. The species closest to R. sublavatum in both macroscopic and microscopic characters is R. anaperum; both have spores of a similar size and shape ( Fig. 1A & B) but R. anaperum has a taller hymenium with narrower, more branched paraphysoids as well as a different apothecial pigmentation -only brown and grey pigments being present. Macroscopically, R. anaperum has a browner, more granularareolate thallus. The two species often grow together when they remain morphologically distinct.
The species recorded from a series of quadrats on Aonach Mór, including R. sublavatum, are listed in Table 1 . Rhizocarpon sublavatum is typically a species of damp, siliceous, montane rocks. It is widely distributed across the Scottish Highlands (Fig. 2) at altitudes of (400-)700-1340 m although, like several other species, it tends to be restricted to damp habitats (e.g. northfacing coires, areas of prolonged snow-lie) in the eastern Highlands but becomes more widely distributed in the damper, western Highlands (Fryday 1997) . This distribution suggests that R. sublavatum is a northern montane species, perhaps with some oceanic affinities. Although, at present, recorded only from Scotland it almost certainly also occurs in Scandinavia and probably elsewhere in boreal-arctic regions. Rhizocarpon sublavatum often forms mosaics with species such as Ionaspis odora, Porpidia contraponenda, P. tuberculosa, R. anaperum, R. lavatum and Stereocaulon tornense, although at its type locality, where it is abundant, it is almost the only lichen growing on loose stones at the base of a high cliff, suggesting that it is a colonizing species, perhaps replacing R. reductum in this role at high altitudes. Thallus effuse, usually in small patches 1-2 cm diam. but sometimes coalescing to cover larger areas, composed of small, flat to strongly convex areoles, sometimes appearing subsquamulose, chestnut-to dark-brown, often appearing grey, occasionally with bright orange patches; areoles 0·02-0·1 mm diam., hypothallus rarely visible. Conidiomata not seen.
Chemistry. C , K , KC , PD . No substances detected by TLC.
Notes. This species was first collected in the British Isles in 1929 by W. Watson from the summit of Snowdon in North Wales, although it was misidentified as R. grande. The first modern records were also misidentified, this time as R. furfurosum (Hitch 1993) , due to the thallus appearing scurfy due to the presence of commensal fungi and the immature ascospores appearing 3-septate. However, subsequent collections have revealed the true identity of this material.
Rhizocarpon anaperum is closely related to R. reductum and was included as a synonym of R. obscuratum by Feuerer (1991) . However, it differs in having larger, eumuriform ascospores, a different excipulum pigmentation and thallus morphology as well as a much more restricted ecological amplitude.
As stated above, in Scotland R. anaperum often occurs with R. sublavatum and R. lavatum when the three species remain readily distinguishable in the field. Although it does not appear in the list, R. anaperum was seen close by the quadrats listed in Table 1 . Closely associated species include Porpidia contraponenda, P. tuberculosa, R. lavatum, R. submodestum, Stereocaulon plicatile and S. tornense. Rhizocarpon anaperum is particularly frequent on the summit and in damp, north-facing gullies on Carnedd Llewelyn in North Wales, where it occurs in a species-poor facies of this community in which Stereocaulon tornense is the only associated lichen (Orange & Fryday 1998) . Rhizocarpon anaperum also occurs on the spoil from a number of disused metal mines in Mid Wales, where it occurs in a similar community in which S. tornense is replaced by the closely related, S. leucophaeopsis. Other associated species on the mid-Wales mine sites include Lecanora soralifera, R. lavatum 
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THE LICHENOLOGIST Vol. 32 and R. reductum. This distribution (Fig. 3) indicates that R. anaperum is an oceanic species although the few records from Scandinavia (Santesson 1993) and North America (Thomson 1997) suggests that this tendency is not strongly pronounced. 
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Rhizocarpon obscuratum group-Fryday 219 not studied in detail. Rhizocarpon postumum apparently differs in having ascospores with a lower length/breadth ratio, 1·5-2·0 as against 1·75-2·75 (Fryday 1996b (Fryday , 1997 and an endolithic thallus which lacks stictic acid, whereas the single British specimen referred to R. subpostumum (Hitch 1998) appears to differ from R. reductum only in having a K+purple exciple and epihymenium, although this appears to be a good character at the species level in Rhizocarpon. Rhizocarpon rubescens Th. Fr., usually considered a synonym of 'R. plicatile' and more recently thought to be the norstictic acid containing strain of R. reductum (Fryday 1996b; Fryday & Coppins 1996) , is now known to be a distinct species. It differs from norstictic acid-containing strains of R. reductum most obviously in having larger, eumuriform ascospores (27-35 11-17 m, 15-20 cells in optical section), and a K+purple exciple (the epihymenium is also usually K+purple in places). It also has larger apothecia (0·6-0·8 mm) with a persistent, raised exciple, and a white to pale grey thallus consisting of convex areoles, although these are sometimes flat and dispersed. A description and drawings of ascospores are given (as R. plicatile) by Feuerer (1978) . In Europe it is known from both Scandinavia and the Alps but has yet to be correctly reported from the British Isles. It is also known from North America.
More work remains to be done on this group both in the British Isles and elsewhere. The species concepts adopted here for R. lavatum and R. petraeum are both broad, although the specimens included in each are largely united by their ascospore characters and internal apothecial anatomy. Both species, as accepted here, encompass specimens with a wide variation in thallus morphology and ecology; R. lavatum also includes some specimens with sessile apothecia with a thin, raised exciple and R. petraeum also varies with regard to presence/absence of stictic acid. It is possible that more detailed examinations, especially of exciple structure, may reveal significant differences. Most specimens from siliceous rocks previously placed in R. petraeum are better accommodated in R. reductum but it is unclear whether some specimens from the mountains of Scotland and Wales, with a thin thallus lacking stictic acid and apothecia with a white pruinose exciple, are closer to R. petraeum or R. lavatum. There are also a number of specimens that do not appear to fit current species descriptions but more collections of these are required before it can be determined whether they represent abnormal morphs of described taxa or distinct entities. 
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